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METHOD AND APPARATUS FOR BODY FLUID SAMPLING AND 

ANALYTE SENSING 



BACKGROUND OF THE INVENTION 
• Lancing devices are known in the medical health-care products industry for 
piercing the skin to produce blood for analysis. Typically, a drop of blood for this type of 
analysis is obtained by making a small incision in the fingertip, creating a small wound, 
which generates a small blood droplet on the surface of the skin. 

Early methods of lancing included piercing or slicing the skin with a needle or 
razor. Current methods utilize lancing devices that contain a multitude of spring, cam and 
mass actuators to drive the lancet. These include cantilever springs, diaphragms, coil 
springs, as well as gravity plumbs used to drive the lancet. The device may be held 
against the skin and mechanically triggered to ballistically launch the lancet. 
Unfortunately, the pain associated with each lancing event using known technology 
discourages patients from testing. In addition to vibratory stimulation of the skin as the 
driver impacts the end of a launcher stop, known spring based devices have the possib.hty 
of firing lancets that harmonically oscillate against the patient tissue, causing multiple 
strikes due to recoil This recoil and multiple strikes of the lancet is one major 
impediment to patient compliance with a structured glucose monitoring regime. 

Another impediment to patient compliance is the lack of spontaneous blood flow 
generated by known lancing technology. In addition to the pain as discussed above, a 
patient may need more than one lancing even, to obtain a blood sample since spontaneous 
blobd'generation is unliable using known lancing technology. Thus the pain is 
multiplied by the number of attempts required by a patient to successfully generate 
spontaneous blood flow. Different skin thickness may yield different results in terms of 
pain perception, blood yield and success rale of obtaining blood between different users 
of the lancing device. Known devices poorly account for these skin thickness variations. 

Variations in skin thickness including the stratum comeum and hydration of the 
epidermis car! yield different results between different users. Spontaneous blood droplet 
generation is dependent on reaching the blood capillaries and venuoles, which yield the 
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blood sample. It is therefore an issue of correct depth of penetration of the cutting device. 
Due to varialions in skin thickness and hydration, some types of skin will deform more 
before cutting starts, and hence the actual depth of penetration willL less, resulting in 
less capillaries and venuoles cut and less spontaneous blood generation. 

Known lancing devices fail to provide accurate sensing of lancet position. Thus 
tbey do not know exactly how far the penetrating member has cut into the tissue. This 
lack of position sensing is one reason for more painful lancing associated with known 
fluid sampling devices. . 

Additionally, known lancing devices fail to have sufficiently accurate control of 
lancet position and velocity to achieve a spontaneous blood generation in a relatively pain 
free manner. 

SUMMARY OF THE INVENTION 

The present invention provides solutions for at least some of the drawbacks 
discussed above. The technical field relates to the lancing of the finger to obtain a body 
fluid or blood sample for the analysis of that sample. Because the penetration distance is 
a strong predictor of the success of the lancing event for spontaneous blood generation, 
the ability of the device to accurately control this distance is of interest. Specifically, ' 
some embodiments of the present invention provide an improved body fluid sampling 
device. For some embodiments of penetrating.member drivers, the invention provides 
improved methods for controlling the velocity and cutting efficient of a penetrating 
member. At least some of these and other objectives described herein will be met by 
embodiments of the present invention. 

In one aspect, the present invention provides improved lancing devices operating 
25 with adaptive control algorithms. Because of the very high speeds that embodiments of 
the present invention may move their penetrating members, feedback control may not be 
sufficient, due to the short amount of time available. In one embodiment, the present 
invention provides desired parameters, based on the models of the penelraling member, 
the penetrating member driver, and the targeted tissue. Based on this model, the system 
0 may have predictive information stored in lookup tables on how to drive the penetrating 
member driver and when to apply braking force so that the device performs as desired to 
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arrive at a desired depth and to provide a desired level of cutting efficiency and/or 
performance. 

In one embodiment, a method of controlling a penetrating member is provided. 
The method comprises providing a lancing device having a penetrating member driver 
with a position sensor and a processor that can determine the relative position and 
velocity of the penetrating member based on measuring relative position of the 
penetrating member with respect to time; providing a look up table having desired 
velocity trajectory based on empirical data; and using control to adjust lancet velocity to 
maintain penetrating member velocity along said trajectory. 

In another embodiment, the present invention relates to the way that an 
electronically driven lancing device controls the trajectory of the inbound lancet up to the 
point of maximum extension or penetration into a target tissue. This is the point of 
maximum penetration of the lancet into the skin. This embodiment of the present 
invention comprises a control algorithm, that when combined with the necessary 
hardware to execute the control instructions, increases the depth accuracy of the 
penetrating member. The present invention also provides improved cutting efficiency by 
providing lancet behavior that is optimized for cutting tissue. 

In one aspect, the present invention involves learning through testing what the 
ideal setup parameters are and then using more complicated feedback systems to get 
results similar to a feed-forward system. 

In other aspects, the present invention may involve manual braking, braking with 
zero residual energy, braking only, preserving acceleration, and appropriate force for 
smart braking. 

The system may further comprise means for coupling the force generator with one 
of the penetrating members. 

The system may further comprise a penetrating member sensor positioned to 
monitor a penetrating member coupled to the force generator, the penetrating member 
sensor configured to provide information relative to a depth of penetration of a 
penetrating member through a skin surface. 

The depth of penetration may be about 100 to 2500 microns. 

The depth of penetration may be about 500 to 750 microns. 
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1000 nucrons beyond a stratum comeum thickness of a si™ surface 

^^^eumWckaessofasJtin surface! ^ 

stratum comeum thickness of a skin surface. 

ofasbn surface and 400 microns. 
JO penetrating member. '«™iyo la 

The driver may be a voice coiJ drive force generator. 
The driver may be a rotary voice coil drive force generator 

11,e P e -'-«- 8 -embersensormaybecoup,ed,oaproce S sorwithcontro. " 
instructs for .he penetrating member driver. 

The processor may inc.ude a memory for storage and retrieval of a set of 
pcnetratmg member profdes utilized with the penetrating member driver 

The processor may be utilized ,o monitor position and speed of a penetrating 
mcmberas the penetrating member moves in a ft* direction. 

The processor may be utilized to adjust an application of force to a penetrating 
-ember to achieve a desired speed ofthe penetrating member. 

The processor may be utilized to adjust an application of force to a penetrating ' 
member when the penetrating member contacts a target tissue so that the penetrating 
member penetrates .he target tissue within a desired range of speed 

The processor may be utilized to monitor position and speed of a penetrating 
member as the penetrating member -ves in the firs, direction toward a target tissu! 

based on pos.Oon .and speed of .he penetrating member. 
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The processor may be utilized to control a withdraw force to the penetrating 
member so that the penetrating member moves in a second direction away from the target 
tissue. 

In the first direction, the penetrating member may move toward the target tissue at 
5 a speed that is different than a speed at which the penetrating member moves away from 
the target tissue. 

In the first direction the penetrating member may move toward the target tissue at 
a speed that is greater than a speed at which the penetrating member moves away from 
the target tissue. 

1 0 The speed of a penetrating member in the first direction may be the range of about 

2.0 to lO.Om/sec. 

The average velocity of the penetrating member during a tissue penetration stroke 
in the first direction may be about 100 to about 1000 times greater than the average 
velocity of the penetrating member during a withdrawal stroke in a second direction. 
1 5 A further understanding of the nature and advantages of the invention will become 

apparent by reference to the remaining portions of the specification and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates an embodiment of a controllable force driver in the form of a 
20 cylindrical electric penetrating member driver using a coiled solenoid -type configuration. 

Figure 2A illustrates a displacement over time profile of a penetrating member 
driven by a harmonic spring/mass system. 

Figwe 2B illustrates the velocity over time profile of a penetrating member driver 
by a harmonic spring/mass system. 
25 Figure 2C illustrates a displacement over time profile of an embodiment of a 

controllable force driver. 

Figure 2D illustrates a velocity over time profile of an embodiment of a 
controllable force driver. 

Figure 3 is a diagrammatic view illustrating a controlled feed-back loop. 
30 Figure 4 is n perspective view of a lissue penetration device having features of the 

invention. 
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figure 5 is an elevation view in parti al longitudinal section of thelissue 
penetration device of Figure 4. .' • • • 

Figure 6 shows a cutaway p^ive view of 0De emboduLnt of the device 
according to the present invention. 1 



invention 



Figure7shows an exploded perspective view of one embodiment of the present 



Figures. 8 and 9 show top and bottom views of one embodiment of a chassis for 
use wjth the present invention. 

• ' ■ Figures 1 0 to 14 show various views of a cartridge according ,o the present 

10 invention. 

Figure ,5 shows one embodiment of cartridge with one embodiment of a seal and 
an analyte detecting member layer. 

Figure 16 shows one embodiment of , he analytl detecting member layer 
F.gures ,7-21 shows,!,, further embodiments of a cartridge according to the 
15 present invention. . * 

figure 22-29 show other embodiments of housing multiple penetrating members 
F,gures 30 and 31 show a simplified launcher for use with a cartridge 

F.gures 32-37 show s,il, further embodiments of a cartridge according lo the 
present invention. . ' 

Figures 38-39 show embodiments of a clutch for engaging a penehating member 
ttgures 40-42 show a device for loading a plurality of penetrating members 
F.gures 43-52 show embodiments for engaging penetrating members 

F.gures 53-58 show various configurations for housing a plurality of penetrating 
members. & 

25 Figures 59-82 show still farther embodiments for bousing a plurality of 

penetrating members. 

Figures 83-87 show various perspective views of one embodiment of a device for 
breaking a seal and rotating the cartridge. 

Figures 88 to 9, show views of a cam and cam follower for controlling motion of 
a punch device. 

Fi gures 92-93 show s,i„ further embodiments of a device according to the present 
invention. y 
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Figures 94-99 show perspective views of a housing according to the present 
invention. 

Figures 100-101 show a schematic of a device according to the present invention.- 
Figures 102-103 show perspective views of a housing according to the present 
invention. 

Figure 104 shows a schematic of a device according to the present invention.- 
' Figure 105 shows a close^p view of a cartridge according to the present 

invention. 

Figure 106 shows a close up of a punch according to the present invention. 
Figure 107 shows one embodiment of disc for use with the present invention. 
Figure 1 08 shows one view of the disc in a penetrating member device. 
Figure 1 09 shows another embodiment of a device that may use a disc as 

described in Figure 107. 

Figure 1 1 0 shows a cutaway perspective view of a device bousing a cartridge 

according to the present invention. 

Figures 111-113 shows perspective views of interior elements for indexing a 

cartridge according to the present invention. 

Figure 1 1 4 shows elements for indexing a cartridge. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
The present invention provides a multiple analyte detecting member solution for 
body fluid sampling. Specifically, some embodiments of the present invention provides a 
multiple analyte detecting member and multiple penetrating member solution to 
measuring analyte levels in the body. The invention may use a high density design. It 
OT ay use penetrating members of smaller size, such as but not limited to diameter or 
length, than known lancets. The device may be used for multiple lancing events without 
having to remove a disposable from the device. The invention may provide improved 
sensing capabilities. At least some of these and olher objectives described herein will be 
met by embodiments of the present invention. 

» is to. be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the 
invention, as claimed. It must be noted that, as used in the specification and the appended 
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claims, the singular forms "a" "an" and "the" include pjural referents unless the context 
clearly dictates otherwise. Thus, for example, reference to "a material" may include 
mixtures of materials, reference to "a chamber" may include multiple chambers, and the 
like. References cited herein are hereby incorporated by reference^ their entirety, except 
5 to the extent that they conflict with teachings explicitly set forth in this specification. 

In this specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 

"Optional" or "optionally" means that the subsequently described circumstance 
may or may not occur, so that the description includes instance where the circumstance 
I occurs and instances where it does not. For example, if a device optionally contains a 
feature for analyzing a blood sample, Ibis means that the analysis feature may or may not 
be present, and, thus, the description includes structures wherein a device possesses the 
analysis feature and structures wherein the analysis feature is n 0 t present. 

The present invention may be used with a variety of different penetrating member 
driver* It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based, nanomuscle based, or based on any other 
mechanism useful in moving a penetrating member along a path intoj'tissue. It should be 
noted that the present invention is not limited by the type of driver used with the 
penetrating member feed mechanism. One suitable penetrating member driver for use 
with the present invention is shown in Figure 1 . This is an embodiment of a solenoid type 
electromagnetic driver that is capable of driving an iron core or slug mounted to the 
penetrating member assembly using a direct current (DC) power supply. The 
electromagnetic driver includes a driver coil pack that is divided into three separate coils 
along the path of the penetrating member, two end coils and a middle coil. Direct current 
is alternated to the coils to advance and retract the penetrating member. Although the 
driver coil pack is shown with three coils, any suitable number of coils may be used, for 
example, 4, 5, 6, 7 or more coils may be used. 

The present invention may be used with a variety of differenl penetrating member 
drivers. It is contemplated that these penetrating member drivers may be spring based, 
solenoid based, magnetic driver based, nanomuscle based, or based on any other 
mechanism useful in moving a penetrating member along a path into tissue. It should be 
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noted that the present invention is not limited by the type of driver used with the 
penetrating member feed mechanism. One suitable penetrating member driver for use 
with the present invention is shown in Figure 1 . This is an embodiment of a solenoid type 
electromagnetic driver that is capable of driving an iron core or slug mounted to the 
5 penetrating member assembly using a direct current (DC) power supply. The 

electromagnetic driver includes a driver coil pack that is divided into three separate coils 
along the path of the penetrating member, two end coils and a middle coil. Direct current 
is alternated to the coils to advance and retract the penetrating member. Although the 
driver coil pack is shown with three coils, any suitable number of coils may be used, for 

10 example, 4, 5,6,7 or more coils may be used. 

Referring to the embodiment of Figure 1 , the stationary iron housing 1 0 may 
contain the driver coil pack with a first coil 12 flanked by iron spacers 14 which 
concentrate the magnetic flux at the inner diameter creating magnetic poles. The inner 
insulating housing 16 isolates the penetrating member 18 and iron core 20 from the coils 

1 5 and provides a smooth, low friction guide surface. The penetrating member guide 22 
further centers the penetrating member 1 8 and iron core 20. The penetrating member 1 8 
is protracted and retracted'by alternating the current between the first coil 12, the middle 
coil, and the third coil to attract the iron core 20. Reversing the coil sequence and- 
attracting the core and penetrating member back into the housing retracts the penetrating 

20 member. The penetrating member guide 22 also serves as a stop for the iron core 20 
mounted to the penetrating member 1 8. 

As discussed above, tissue penetration devices which employ spring or cam 
driving methods have a symmetrical or nearly symmetrical actuation displacement and 
velocity profiles on the advancement and retraction of the penetrating member as shown 

25 in Figures 2 and 3. In most of the available lancet devices, once the launch is initiated, 
the stored energy determines the velocity profile until the energy is dissipated. 
Controlling impact, retraction velocity, and dwell time of the penetrating member within 
Ihe tissue can be useful in order to achieve a high success rate while accommodating 
variations in skin properties and minimize pain. Advantages can be achieved by taking 

30 into account of the fact that tissue dwell lime is related to the amount of skin deformation 
as the penetrating member tries to puncture the surface of the skin and variance in skin 
deformation from patient to patient based on skin hydration. 



WO 2005/006939 

PCT/US2O0-I/019125 

10 

hi this embodiment, the ability to control velocity and depth of penetration may be 
achieved by use of a controllable force driver where feedback is an integral part of driver 
control. Such drivers can control either metal or polymeric penetraling members or any 
other type of lissue penetration element. The dynamic control of sad, a driver is 
5 illustrated in Figure. 2C which illustrates an embodiment of a controlled displacement 
profile and Figure 2D which illustrates an embodiment of a the controlled velocity 
profile. These are compared to Figures 2A and 2B, which illvstrate embodiments of 
displacement and velocity profiles, respectively, of a harmonic spring/mass powered 
driver. Reduced pain can be achieved by using impact velocities of greater than about 2 
1 0 m/s entry of a tissue penetrating element, such as a lancet, into tissue, Other suitable 
embodiments of the penetrating member driver are described in commonly assigned, 
copending U.S. Patent Application Ser. No, 10/127,395, (Attorney Docket No. 38187- 
2551) filed April 1 9, 2002 and previously incorporated herein. 

Figure 3 illustrates the operation of a feedback loop using a processor 60. The : 
15 processor60storesprofile S 62innon-volatilememory. A user inputs information 64 
about the desired circumstances or parameters for a lancing event. The processor 60 
selects a driver profile 62 from a set of alternative driver profiles that have been 
preprogrammed in the processor 60 based on typical or desired tissue 1 penetration device 
performance determined through testing at the factory or as programmed in by the 
20 operator. The processor 60 may customize by either scaling or modifying the profile 
based on additional user input information 64. Once the processor has chosen and 
customized the profile, the processor 60 is ready to modulate the power from the power 
supply 66 to the penetrating member driver 68 through an amplifier 70. The processor 60 
may measure the location of the penetrating member 72 using a position sensing 
25 mechanism 74 through an analog to digital converter 76 linear encoder or other such 
transducer. Examples of position sensing mechanisms have been described in the 
embodiments above and may be found in the specification for commonly assigned, 
copending U.S. Patent Application Ser. No. 10/127,395, (Attorney Docket No. 38187- 
2551) filed April ] 9, 2002 and previously incorporated herein. The processor 60 
'0 calcula.es the movement of the penetrating member by comparing the actual profile of the 
penetrating member to .he predetermined profile. The processor 60 modulates the power 
to .he penetrating member driver 68 .hrough a signal generator 78," which may control the 
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amplifier 70 so that the actual velocity profile of the penetrating member does not exceed 
the predetennined profile by more than a preset error limit. The error limit is the 
accuracy in the control of the penetrating member. 

After the lancing event, the processor 60 can allow the user to rank the results of 
5 the lancing event. The processor 60 stores these results and cbnstructs a database 80 for 
the individual user. Using the database 79, the processor 60 calculates the profile traits 
such as degree of painlessness, success rate, and blood volume for various profiles 62 
depending on user input information 64 to optimize the profile to the individual user for 
subsequent lancing cycles. These profile traits depend on the characteristic phases of 
1 0 penetrating member advancement and retraction. The processor 60 uses these 

calculations to optimize profiles 62 for each user. In addition to user input information 
64, an internal clock allows storage in the database 79 of information such as the time of 
day to generate a time stamp for the lancing event and the time between lancing events to 
anticipate the user's diurnal needs. The database stores information and statistics for each 
15 user and each profile that particular user uses. 

In addition to varying the profiles, the processor 60 can be used to calculate the 
appropriate penetrating member diameter and geometry suitable to realize the blood 
volume required by the User. For example, if the user requires about 1 -5 microliter 
volume of blood, the processor 60 may select a 200 micron diameter penetrating member 
, 20 to achieve these results. For each class of lancet, both diameter and lancet tip geometry, 
/ is stored in the processor 60 to correspond with upper and lower limits of attainable blood 

volume based on the predetermined displacement and velocity profiles. 

The lancing device is capable of prompting the user for information at tbe 
beginning and the end of the lancing event to more adequately suit the user. The goal is 
25 to either change to a different profile or modify an existing profile. Once the profile is 

set, the force driving the penetrating member is varied during advancement and retraction 
to follow the profile. The method of lancing using the lancing device comprises selecting 
a profile, lancing according to the selected profile, determining lancing profile traits for 
each characteristic phase of the lancing cycle, and optimizing profile traits for subsequent 

30 lancing events. 

Figure 4 illustrates an embodiment of a tissue penetration device, more 
specifically, a lancing device 80 that includes a controllable driver 179 coupled to a tissue 
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mm, specifically, about 4.7 to about 4.9 nun. The magnetic member 102 can be made 
from a variety of magnetic materials including ferrous metals such as ferrous steel, iron, 
ferrite, or the Kke. The magnetic member 102 may be secured to the distal portion 203 of 
the elongate coupler shaft 84 by a variety of methods including adhesive or epoxy 
bonding^yelding, crimping or any other suitable method. 

Proximal of the magnetic member 1 02, an optical encoder flag 206 is secured to 
the elongate coupler shaft 84. The optical encoder flag 206 is configured to move within 
a slot 107 in the position sensor 91. The slot 107 of the position sensor 91 is formed 
between a first body portion 108 and a second body portion 109 of the position sensor 91. 
Theslot 107 may have separation width of about 1 .5 to about 2.0 mm. Theoptical 
encoder flag 206 can have a length of about 14 to about 18 mm, a width of about 3 to 
about5mmandauiicknessofabout0.04toabout0.06mm. 

The optical encoder flag 206 interacts with various optical beams generated by 
LEDs disposed on or in the position sensor body portions 108 and 109 in a predetermined 
1 5 manner. The interaction of the optical beams generated by the LEDs of the position 

sensor 91 generates a signal that indicales the longirudinal position of the optical flag 206 
relative to the position sensor 91 with a substantially high degree of resolution. The 
resolution of the position sensor 91 may be about 200 to about 400 cycles per inch, 
specifically, about 350 to about 370 cycles per inch. The position sensor 91 may have a 
20 speed response time (position/time resolution) of 0 to about 120,000 Hz, where one dark 
and light stripe of the flag constitutes one Hertz, or cycle per second. The position of the 
optical encoder flag 206 relative to the magnetic member 1 02, driver coil pack 88 and 
position sensor 91 is such that the optical encoder 91 can Fovide precise positional 
information about the penetrating member 83 over Ihe entire length of the penetrating 
25 member's poweT stroke. 

An optical encoder lhat is suitable for the position sensor 91 is a linear optical 
incremental encoder, model HEDS 9200, manufactured by Agilent Technologies. The 
model HEDS 9200 may have a length of about 20 to about 30 mm, a widlh of about 8 to 
about 12 mm, and a height of about 9 to about 1 1 mm. Although the position sensor 91 
30 illustrated is a linear optical incremental encoder, other suitable position sensor 

embodiments could be used, provided they posses the requisite positional resolution and 
time response. The HEDS 9200 is a two channel device where the channels are 90 
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■h^ers.deorihed.elee.ao. A end 2d< la ahove, hrlhis e m hodi,„e„, a 
o,eno,d na y he used aa the pe«„„|„ e meinte , ^ „ ^ ^ 
r, 6 u.e 2 shores ,„ exploded v»„ „f fc „„ „ fc ^ 
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visual display 246 may be used for various reasons including but not limited to relaying 
information to the user, to display lancing performance, to provide device status, and 
other information as described in commonly assigned, copending U.S. Patent Application 
Ser No. 10/237.261 (Attorney Docket No. 381 87-2595) filed September 5, 2002 and U.S. 
Patent Application Ser. No. 10/335,215 (Attorney Docket No. 38187-2634), fully, 
incorporated herein by reference! 

Referring now to Figures 8 and 9, top and bottom view of a chassis 250 for use 
with the device 240 is shown in farther detail. Figure 8 shows various toothed surfaces 
252. Figure 9 shows an underside with a recessed portion 254 for receiving a cartridge 
242. The cartridge 242 may be rotated or indexed based on movement of the slider 256 
(see Figure 7). 

Referring now to Figure 10, various cross-sectional views of one embodiment of a 
cartridge 242 according to the present invention is shown. It should be understood that 
the cartridge 242 may include a sterility barrier (not shown in Figure 10 for ease of 
illustration). It should be understood that all measurements and dimensions shown in 
Figure 10 are purely exemplary and oiher sizes may be used without departing from the 
spirit of the present invention. It should be understood that the dimensions near cross- 
section D are such that, in this embodiment, the penetrating member may be gripped or 
held in place by the cartridge, preventing the penetrating member from extending 
outward. 

Referring now to Figures 11, 12, and 13, top down, side and bottom view of the 
cartridge 242 are shown. Again, all dimensions are purely exemplary and other sizes may 
be used or varied without departing from the spirit of the present invention. As seen the 
cartridge 242 may include a notch 260 on the outer perimeter (Figure 13). This may be 
used for positioning of me cartridge 242 into the device. It may also be used for counting 
purposes, by tracking where this notch is, relative to the device 240, the number of 
penetrating members remaining may be calculated. The notch 260, in another device, 
maybe be used to align the cartridge 242 on a rotating disc or surface, where rotation of 
,he surface is used to track the position of the cartridge 242 and the number of penetrating 
members remaining. As seen in Figures 12 and 13, the inner diameter may include 
notches 262 for position purposes and for purposes of turning or rotating the cartridge 
242. 
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Referring now to Figure 14, a perspective view of an embodiment of the cartridge 
242 >s shown. As seen in Figure 14, penetrating members 224 are shown housed in the 
cartndge 242. Figure 14 also shows an embodiment where a toothid surfaced is 
included on the inner circumference of the cartridge 242. ] 

Referring now to Figure 15, a still further embodiment of a cartridge according to 
the present invention will be described. As seen in Figure 15, this embodiment has a 
cartridge 270 with a sterility barrier 272 and a sensor layer 274. As seen Figure 15 the 

sensorlayer274h a sa P lur a lityofleads276whichextendfromsensor278 Jnone 
embodiment, these leads 276 extend to the inner circumference to connect to couplers 
(not shown) the sampling device 240. As seen on layer 272, an arrow 273, triangle, 
circle, dot, square, or other orienlation marker may be on the layer 272 or in other ' 
embodiments on the cartridge 270 (or cartridge 242) or on the layer 274 .o facilitate 
positioning by the user. ' 

Referringnowto Figure 16, a top down view is shown of one embodiment of the 
sensor layer 274. It should be understood the leads 276 may also be configured to extend 
short of.be inner diameter. For ease of illustration, various configurations are shown on 
.be same sensor layer 274. 1, should be understood that the leads on the sensor layer 274 
may all have the same configuration, any combination of the configurations shown 
herein, or other configurations. The leads 230 may exlend roughly halfway while leads 
282 extend further. They may then engage various contact pads (not shown) on the 
device 240 which can engage the leads. A still further embodiment has leads 284 .hat 
extend towards the outer circumference of .he cartridge 242 to engage various contact 
pads or other connectors as known to those of skill in the art. 

Referring now to Figure 1 7, a still further embodiment of the present invention 
will be described. As seen in .his embodiment, various visual markings may be made on 
-he top surface and/or .he bottom surface of the cartridge 290. Figure 17 only shows .he 
.op s,de of the cartridge 290, however, .hese same markings may also be made on .he 
"nders.de. Although no. limi.ed ,o .he following, mese markings may be in .he form of 
colors, numbers, bar codes, or o.her markings. The embodiment in Figure 1 7 shows a 
region 292 .ha. may be warning region indicating .o .he user tha. number of .mused 
pene.ra.ing members are running , ow . The region 294 may be used .o indica.e .ha. ,he 
penc.ra.mg members are almos, all used. Al.bough no, limi.ed .o .he following ,hese 
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regions 294 may be color coded. The regions may also have certain properties that may 
be detectable by olher sensors, such as but not limited to being magnetic or having other 
detectable properties. In some embodiments, the markings maybe he on portions directly 
opposite of the active region since, the window 296 may be on the side of the cartridge 
5 that is not the active side. These markings may cover only a portion of the cartridge or 
the entire cartridge may contain markings that provide information. Binary or other 
machine readable informalion may also be placed on the cartridge and then detected by a 
reader in the device 240 for detecting status infonnation based on how the cartridge is 
positioned. 

1 o Referring now to Figure 1 8, a still further embodiment of a cartridge according to 

the present invention will be described. For ease of illustration, multiple elements are 
shown on the cartridge 300. It should be understood lhat the cartridge 300 and others 
described herein may include some, none, or all of these features. This cartridge may 
include a dessicant 302 that may be included in the cartridge 300 to absorb moisture that 

] 5 may enter therein. Dessicant 302 may be in the form of a pellet or other embodiment that 
is a separate element from the cartridge. In olher embodiments, the dessicant 304 may be 
printed, deposited, or otherwise integrated to the cartridge 300. The dessicant 306 may be 
on the side surfaces of cavities in the cartridge 300. A still further embodiment has the 
dessicant 308 attached by some technique such as, bul not limited to printing, adhering, 

20 forming, or other wise integrating the dessicant 308 to some material coupled to the 
cartridge, such as but not limited to the sterility barrier. These techniques may also be 
used to attach these dessicants to the cartridge or even the sensor layer. They may also be 
coupled to a separate layer of material attached to the cartridge that only covers a portion 
of the cartridge. 

25 A still further feature of the cartridge 300 is to include a separate test that the 

cartridge 300 may be rotated to if the processor on the device detects that the analyte 
readings from a regular test requires a specialized test to be conducted. The cartridge 300 
will be rotated as indicated by arrow 309. As a nonlimiting example, if glucose readings 
are detected outside a desired range, a processor may recommend a HB1 AC test be 

30 conducled. The cartridge 300 may then be rolalcd to designated position to align a cavity 
310 with a sensor 3 12 for this test. This rotation may occur by mechanical actuation or 
by eleclric powered rotation of the cartridge. In this embodiment, each cartridge may 
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hnve three HBJAC tests. 0^^^^^ ^ ' 

other (est areas in place of the HB] AC tests. ' 

penet-mngmetntotetafte^toi,^,.^,^ 

penetrating member in place and prevent the sharp horn being released from the 

^«*»n tak ,*n„. 

clement 326 (a™. ,„ phaBtom) ^ be ^ ^ ^ 

Referring now ,„ T iemc 20 , . slill ^ ^ ^ 

■5 --•^"^.o^Mhea^.rroreenredae^.nraL,,^^ 

sterrlny banter has aJready been breached. t 

20 w,Lt Re 'T S ^'° Ke °' e2 '' 0a '' lteh "™^ meMrflta ^"-«n 
w, U „„„ be descried. As ree, in P^ 21 , n„e. mlxjdimeil , of 

acc„,d,ng ,„ the prestn , imMio „ „ a , „„„ . ^ ^ ^ ^ ^ 

Zl : 1 "™"':'*" ,0m ' '"'"""^"'■"-P'^nr-.c.rearenotparbed 
« -t»ner 3 «,h„ u gha s , Min ,c« bo „ omofftecMrjdee ^ ^ J 
~ 5 «"»»~ •! — -*—.•.- ntnysfnapiVgrebdrensnd 

^«.„ p ^ 1- , Bnnredpene^^J,, 
^ ejected out into a receptacle 3^6. 

Arming „o„ ,. Figure 22, anoth., Mml of lh[ ^ ,,„„„„„ „.„ 
now be described fi g„„ 22 shows a nrethnd for „sc with . „„„„„„„ ^ ^ 
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350 which is brought together with a multiple penetrating member cartridge 352 or single 
cartridge 354 only during use. After use, the cartridge and driver are separated for ease of 
storage, sterility, or other reasons. As seen, the cartridge 352 may be inserted into slot 
358 Although not limited to the following, the penetrating member driver may be any of 
those described herein or the applications incorporated by reference. The driver may also 
be any of those described in commonly assigned, copending U.S. Patent Application Ser. 
No 10/425,815 (Attorney Docket No. 38187-2663) tiled May 30, 2003, fully 
incorporated herein by reference. In one embodiment, a case may be provided to store 
both the driver and the cartridge, or just the driver, or just the cartridge. 

Referring now to Figure 23, a plurality of the cartridges 352 are shown. Each may 
contain a penetrating member 360. These cartridge 352, in this embodiment, may be 
substantially equivalent to on cavity on me cartridge 242. The cartridge 352 may include 
an M ea that has sufficient interference fit to grip a penetrating member and it may have an 
elongate opening on one side, such as but not limited to top or bottom, to allow a 
penetrating member coupler to engage me penetrating member 360 therein. It should be 
understood, that in some embodiments, only proximal and distal end openings are 
provided. 

Referring now to the embodiment shown in Figure 24, a plurality of cartridges 
35? are coupled together by some layer of material 362. They may use a sterility barrier 
t0 couple them together. In another embodiment, a mold plastic or polymer may be used 
,o couple the cartridge 352 together. The cartridges maybe designed to allow access from 
the top as indicated by arrow 364 or from the bottom 366. 

Figure 25 shows a still further embodiment where a distal portion 370 is not 
covered by the sheet 362. In this embodiment, this is where a punch would come down 

25 and punch down malerial covering the front. 

Figure 26 shows an embodiment where the cartridges may be coupled into a 

configuration as shown. 

Referring now to Figures 27 and 28, embodiments of cartridges 352 coupled 
together is shown used with rollers 380 and a support surface 382 over the active region. 
30 A penetratipg member coupler 384 may be used to engage penetrating members inside 
,hc cartridge 352. The cartridges may be rotated as indicated by arrows 386 to bnng 
cartridges into alignment with the coupler 384. 
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e, g agc^ce S between ,he cartridges 352. The embodiment in Figure 28 allows the 

5. techmques used for cartridge 242. , 

FiEure29 sho w S astil]fu rt her embodiment where. the caruidges 352 are in an 
elongate strung out configuration that may be layer on top ot>ch other or otherwise 
configured to efficiently store the tape of cartridges 352. The embodiment of Figure 29 

those known to those of skiJI in the art. 

Refenmg m„ ,„ Figure 30. a s ,ill tohc embomm.,,, is sN>vm whm . 
pe«,m,» g member dri.ee 400 m., be ecupied ,„ ejid* 402 eon,,^ . pmra% „ 
pe^ ltog Ws . T^ri^m^^^^,^ » 

member 406 may be included. g 

membe ^ ' ' ^ ' ^ ^ emb0dimen, ^ 420 ^ penetrating 
members are contamed inside a housing 422. The housing 422 may he coupled to a 

dnver424. Again, the configurations here may teach a method of use where me 
penetrating members and drivers are brought together only when the sampling is about to 
occur. 
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Referring now to Figures 32 through 37 show embodiments of cartridges for use 
w.th dev.ce 240. Figure 32 shows a fid, circular cartridge 440 with a reduced number of 
c a vmes442 spaced apart on me cartridge. Figure 33 shows a single cartridge 450ho,ding 
a smgJe penetrating member. F.gure 34 shows a cartridge 460 having two wedge 
configuration. Figure 35 shows a cartridge 462 having a single cavity per finger 463 Of 
course ,„ 0 , he r embodiments, there may be more than one cavity in each fineer ^ 
entire cartridge may a, so be a partial circular configuration (half circular, quarter circle 
wedge etc.). Figure 36 shows an em hodiment of a cartridge 470 with a half circular ^ 
A crrcular or wedge configuration. Figure 37A shows a cartridge 480 tha, may have 
portmns, such as but no, limited to quarters, thirds, or other fractions, on i, tha, are . 
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colored or otherwise marked 1o show, as a nonlimiting example/number of penetrating 
members remain or the type of analyte test held therein. Figure 37B shows another 
embodiment wherein penetrating member cavities are only disposed over a wedge portion 
of the cartridge. In Figure 37C, the penetrating member cavities are very loosely 
dispersed over the cavity. Some embodiments may have one or more analyte detecting 
members 443 positioned to receive body fluid. 

Figures 38 to 82 show still further embodiments of the present invention. 
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U O. etoto^ „. ^ ^ wo „ I ^ ^ 

i»*«.622„a.. < ,^„ Mc , lrfb)raa( ,„ (i24 H WB «b. Imte<a2h 
^^^^^^^ ^ • 

t^ettop^to,^ A^i**,.^**.^^,.-,,^ fc 
u Penetrating member gripper 650. 

Figore 84 show, tto ,»«% rak , sripp., 650 more c)ear , y ^ . s 
start -exposition. M^ titttifpat50kia ^ avil)6s2 

^^.b..^«*„ rot „„ a » COT , d!e620 This cam 660 lowers the cutter on 

it does not rotate the cartridge back). 
» ^ 85 ™ dM *»^.i»^«2> !i . 8 a*,„eed»a i „dtea,,oov. m „6,0 

«- d* fro., stertiir, to™, ,to oott.r m to, moved fro™ a rear of ,too,vi,v (P i 6 „re 
85) to a front of the cavity (Figure 86). 

Figure 87 shows a side view of the sanre position of the pusher 622 as that in 
F.gure86. As seen, the punch 656 has dropped, the cutter 680 has finished its stroke ' 

Tfcfo,,ower66 2 is inthe top groove of the cam 660. When the fo„ower 662 drops to the 
botton, groove , the cuttef 68Q wiJ] ^ ra . sed ^ seen gripper ;s ^ a ^ 

pos.tion and aflows the cartridge 620 lo rotate. 

_ R 8 »re 88 is a cJose-„ P view of the second cam 660. ], has a ,op groove 66J and 
bottom groove 663. The foflower 662 travets -hrough the grooves and flips lbe cuUer 860 
between up and down position, in one embodiment, the foflower 662 is in ,he «o P 
groove 66, in ,he forward s.roke and in the bottom groove 663 in ,he backward stroke 
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Referring now to the embodiment of Figure 89, the follower 662 has now moved 
to the bottom groove 663 and the cutter 680 is moved to an up position. The penetrating 
member coupler 650 is still in the up position. 

Figure 90 shows the cutter 680 withdrawn, Ihe punch 656 raised and the follower 
5 662 in the bottom groove. In this embodiments, these motions are guided by cam 
surfaces. The coupler 650 is still raised. • 
? Referring now to Figure 91, the follower 662 reaches the end of the bottom 

groove 663. The follower 690 (on pusher 622) pushes down on a cam surface (not 
shown) that lowers the gripper 650. In this position, the gripper 650 engages a 
10 penetrating member in the cavity and can actuate the member outward as indicated by 
arrow 700. 

Figures 92 and 93 show still further views and embodiments of elements 
according to the present invention. This embodiment provides a simplified device the 
both indexes andcuts open the sterility barrier in a single motion. It should!* 

15 understood that other element besides cams may be used to position the various elements. 
Rollers, gears, pulleys, electronic, or pneumatic actualors may be used. 

Some embodiments may use a pneumatic actuator to advance the penetrating 
member. The same or a separate pneumatic actuator may be used withdraw the 
penetrating member. Any other actuator may be used in combination with the pneumatic 

20 or other actuator to effect a fast in slow out profde. The devices may be used in place of 
device 640. 
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show a user that a cartridge is inside the device. Referring now to Figure 98, the metallic 
quality of the housing 814 may be observed. 

Referring now to Figure 99, in one embodiment, a body fluid sampling device for 
use with a cartridge containing a plurality of penetrating members is provided. The 
5 device comprises a penetrating member driver for moving an active one of the penetrating 
members from a first position outward to penetrate tissue. A cavity 750 to house the 
cartridge 830 containing said penetrating members, said cartridge being a circular disc 
having a fracturable sterility seal covering a top opening and a side opening. 

Referring now to Figure 99, the embodiment of device 800 is shown with the 
10 underside 840 hinged open. A battery 844 is shown in the compartment 842. The 

cartridge 830 is rotatable as indicated by arrow 846. It should be understood, of course, 
that the cartridge 830 may be designed to rotate in a counterclockwise direction in another 
embodiment. A rotatable gear .850 that is linked to slider 812, will rotate to rotate the 
cartridge 830. In the present embodiment, a support member 860 is provided to position 
15 the cartridge 830 in the areas where the penetrating member coupler 870 will engage the 
penetrating members. Although not limited to the following, the support member 860 is 
mounted on springs 862 which may allow the support to be moved downward and then 
urged back to its original. position. 

Referring now to Figure 99, in one embodiment, a body fluid sampling device for 
20 use with a cartridge containing a plurality of penetrating members is provided. The 

device comprises a penetrating member driver for moving an active one of the penetrating 
members from a first position outward to penetrate tissue. The device allows for 
electronic setting of lancing parameters used by said penetrating member driver. A 
display 1 02 may be used to show the settings. Touch pads 1 80 and 1 82 may be used to 
25 receive input from buttons on the housing. 

In one embodiment, a body fluid sampling device for use with a cartridge 
containing a plurality of penetrating members is provided. The device comprises a 
penetrating member driver for moving an active one of the penetrating members from a 
fust position outward to penetrate tissue. Settings for lancing parameters used by said 
30 penetrating jnember driver remain in memory without battery. As a nonlimiting example, 
nonvolatile memory may be used to store the settings. As another nonlimiting example, 
on EEPROM may be used. 



WO 2005/006939 



PCT/US2004/0J9J25 



26 



15 



25 



30 



, «*-t^HW. >00.»-™b«li M ,abod yM d saroplio(!jevjce '' 

0rsk,n - «* P«*«"»> «0 „ill lhe , anciDe „ ent 
In one •..be*™,., , bo,,, fcjj ^ ^ ^ ^ _ ^ 

^.^•^^^^^^ The device comprises a 

■haMbe^Mranasae^teedrivesdcesnolficemeacLeeneMrn. 
mattrialshardertanesh Th„. if , k • PCT """ , °8 ""n*" >»!»■» or 

wi1™, m - ■ , Ti '" ,f * t ' ra "*»«»"»'«'filsi..ens„esis1a„ee . 

? *— .-*^*» .OOnric*^ 75 oric™,, 30 „ ic , ons , 6tMla 

— « *" *• ** - «" — - sbori ever, O 

fo, use wrt, a ca,,„d g e eon.airing a phrti,, of p^w^ membeB „ ^ 
de»*e consprises a ^ drivei f „ ^ _ ^ ^ . 

-»* feasose sch d,., ,„ pe„e Mi „ 8 ^ dliv „ ^ , 
2> . •W ,00, i„pa £ , wilh a „ || may „„„ a ^ io _ - t 

I! r 1 '"'" 8 ™'"'" P-. 9 .»o,cea, 
"P should not be used. 

In one ea.bodi.ent, a body fluid , mp li„ g device for use with a carlxidge 
coining a p, W a % of penetrating raemb e rs js provided . Tbe ^ 

firs, pos lt) on ou, Ward topeneIrale A ^ ^ ^ 



WO 2005/006939 



PCT/US2004/O19125 



27 



lefl/penetrating members spent. A display such as that in Figure 94 could adapted for 
such use. 

In one embodiment, a body fluid sampling device for use with a cartridge 
containing a plurality of penetrating members is provided. The device comprises a 
penetrating member driver for moving an active one of the penetrating members from a 
fn^positiondutwdtopenetratetissue. Depth setting of penetrating member 
peneiration into tissue independent of front end geometry. The device of Figure 94 could 
be adapted for such use with the buttons on it for adjustments. 

In one embodiment, a body fluid sampling device for use with a cartridge 
containing a plurality of penetrating members is provided. The device comprises a 
penetrating member driver for moving an active one of the penetrating members from a 
first position outward to penetrate tissue. The device may include a processor 
programmed to track position and energy used by the driver to sense position or 
proximity of skin: Similar to the scheme shown in Figure 8, if the penetrating member 
fails to engage tissue or material with tissue like resistance, lancing, event is aborted. 

In one embodiment, a body fluid sampling device for use wilh a cartridge 
containing a plurality of penetrating members is provided. The device comprises a 
pcneuating member driver for moving an active one of the penetrating members from a 
first position outward to penetrate tissue. A display that has a screen saver may be used 
with the device. The device of Figure 94 could be adapted for such use. As a nonlimiting 
example, the screensaver may be a small circle moving on the screen, a pattern being 
repeated on the display, or as other screen savers known to those of skill in the art. 

In one embodiment, a body fluid sampling device for use with a cartridge 
containing a plurality of penetrating members is provided. The device comprises a 
penetrating member driver for moving an active one of .he penetrating members from a 
first position outward to penetrate tissue. A display may be provided that relays a "too 
deep" signal to a user based on the lancing event. The device of Figure 1 could be 
adapted for such use. Thus a processor 902 may determine that based on the resistance or 
other factors, the penetrating member went too deep. In some embodiments, this may 
also be hased on whether the user indicated if blood was spontaneously generated, degree 
of pain felt, or other feedback. In other embodiments, the too deep indicator is based 
purely on tissue qualities detected by device and fed to the processor. 
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lancmg system. Sunptyholditupto^kinandp^ofa^ InstantJyand 
pa.nlessly a Wood samp , e wil, appear. ^ device dramatfcaiiy reiuces the ^ and 

5 —7^^^- W^ase.-eon^s^eSOWtdis^d 
agan, r^^^^^^^^^^ . 

In one e^bodim^ the lancing device is based o, ,be Wstep, one-button- 
approach. Simplyholdthedevicenptotheskinandpressthebutton. l„s, an , ly a 
pamless blood sample will appear. (One can milk if more blood is needed ) ' 
10 Glancing device incorporates a self-contamed lancing dislc that eliminates the 

-dtoloadanddiscardlance^ ^ 50-lance, di sk simply needs to be replaced after 50 
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• Asthe ^^omylull y antoma,ed,self-con t Led.ancin g device,m 

15 areas. Pam, Convergence, Safety, Wound Healing, and Reliability. 

1. Pain: Smart Lancing technology allows for fast, yet smooth electronically 
controlled ]anping . ^ ^ ^ ^ ^ ^ ^ .^.^ 

common and only.lance to lowest possible depth necessary ,0 obtain an adequate 
sarapJe. . 

2. & 3. Convenience and Safety: The device is completely self-cont a ined and 
elec.rome.lly controlled. IT* device only requires a user topress a single button ,o 
execute , he en,i re lancing process. He device incorporates a selAcontained, sterile 50- 
ance, d.slc so individ Ua ls with diabe,es, most importantly children, wi „ never see or 
handle a new or used kuice, ever again. 
5 4. Wound Healing: Tbe fas,, ye, smooth electronically controlled lancing allows 

Jor mrmmaj tissue damage and fasJer wound healing. 

5. Reliability: Tbe device elimmates the need for repetitive lancing due to 
sufficient blood s.mples. J* lancing device ^ „ ^ ^ 
ne ar jy every single time. 

We recommend using the disk ,0 completion. In one embodiment, however a 
Par,ia,,y used Disk can be used. Once re-inserted the number of lancets remaining will be 
"•splayed on the screen and .be device will be ready fox use. 
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In one embodiment, the lancing device is designed for the more convenient and 
physiologically accurate fingertip testing. Because the lancing device offers dramatically 
reduced pain and faster wound healing, AST is no longer necessary for patients. 

The lancing device is designed for use by all individuals with diabetes and will be. 
5 marketed to all individuals with diabetes who test their blood glucose levels. However, 
the toeing device is especially beneficial to children, who have sensitive skin and benefit 
the most from integrated convenience, safety, reduced pain, and faster wound healing, 

In one embodiment, the product is a "one-step, one button" fully integrated blood 

glucose sampling and measurement solution. This product combines the sample 

10 acquisition benefits of the lancing device with superior measurement technology in one 

convenient device that will significantly reduce pain, eliminate daily medical waste, and 

provide superior monitoring reliability. 

Like the lancing device, the second-generation glucose sampling and 

measurement device is completely self-contained and fully automated. This will allow a 
15 palient to execute the entire sample acquisition and measurement process by pressing one 

button. Patients will no longer need to have separate lancing devices and glucose meters. 

This product will be the only device that individuals with diabetes will need for glucose 

monitoring activities. 

In addition to the reduced pain, increased convenience and enhanced reliability of 
20 the lancing device, this second-generation device also incorporates a replaceable 

combined test-strip/ lancet disk that eliminates the need for patients to load and discard 

lancets or test strips. 
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plurality of smaller windows, or otherwise configured or positioned to show a user that a 
cartridge is inside the device. 

Referring now to Figure 1 02, close-up view is shown of the front end annular ring 
1 1 1 0. The cartridge 11 30 with a sterility barrier can be seen through the front end It 
5 should be understood that in some embodiments, the portion 1 132 of the housing having 
the fipnt end annular ring 11 1 0 may be removed to allow the entire annular ring 1 1 1 0 to 
be replaced either for cleaning purposes or for removal in its entirety. 

Referring now to Figure 1 03, a portion of the interior of the device 1 1 00 is shown 
with the bottom portion 1 140 being opened. A battery compartment 1 1 42 is provided to 

10 house a power source for this embodiment of the device 1 1 00. 

The embodiment of device 1 100 is shown with the underside 1 140 hinged open. 
A battery 1 1 44 is shown in the compartment 1 1 42. The cartridge 1 1 30 is rotatabie as 
indicated by arrow 1 146. It should be understood, of course, that the cartridge 1130 may 
be designed to rotate in a counterclockwise direction in another embodiment. A rotatable 

15 gear 1 1 50 (shown more clearly in Figure 1 06) that is linked to slider 1 1 12, will rotate to 
rotate the cartridge 1 130. In the present embodiment, a support member 1 160 is provided 
to position the cartridge 1 1 30 in the areas where the penetrating member coupler 1 170 
will engage the penetrating members. Although not limited to the following, the support 
member 1 1 60 is mounted on springs 1 162 which may allow the support to be moved 

20 downward and then urged back to its original position. 

In this embodiment as shown in Figure 1 04, this allows the penetrating member 
coupler 1 170 to move downward in a longer stroke. The stroke length helps to ensure 
that the coupler 1 170 engages the penetrating member in the cartridge 1 130. The support 
member 1 1 60 and the entire cartridge 1 1 30 may be moved downward and upward as 

25 indicated by arrows 1 1 72. The maximum downward position of the cartridge 1 1 30 and 
the support member 1 160 is shown in phantom. In the present embodiment, the support 
member 1 1 60 is positioned to not interfere with the rotation of the cartridge 1 1 30 but 
allows the cartridge 1 130 be sufficient supported and positioned in place to allow a 
penetrating member coupler to accurately engage the cartridge 1 130 and a penetrating 

30 member heldjherein. 

Referring now to Figure 1 05, a close-up top down view is shown of an 
embodiment of a cartridge 11 30 according to the present invention. As seen in Figure 
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Referring now to Figure 107, a still further embodiment of a cartridge according 
to the present invention will be described. Figure 1 07 shows one embodiment of a 
cartridge 900 which may be removably inserted into an apparatus for driving penetrating 
members to pierce skin or tissue. The cartridge 900 has a plurality of penetrating 
5 members 902 that may be individually or oiherwise selectively actuated so that the 
penetrating members 902 may extend outward from the cartridge, as indicated by arrow 
904, to pehetrate tissue. In the present embodiment, the cartridge 90O may be based on a 
flat disc with a number of penetrating members such as, but in no way limited to, (25, 50, 
75, 100, .. .) arranged radially on the disc or cartridge 800. It should be understood that 

10 although the cartridge 900 is shown as a disc or a disc-shaped housing, other shapes or 
configurations of the cartridge may also work without departing from the spirit of the 
present invention of placing a plurality of penetrating members to be engaged, singly or 
in some combination^ by a penetrating member driver. 

Each penetrating member 902 may be contained in a cavity 906 in the cartridge 

1 5 900 with the penetrating member's sharpened end facing radially outward and may be in 
the same plane as that of the cartridge. The cavity 906 may be molded, pressed, forged, 
or otherwise formed in the cartridge. Although not limited in this manner, the ends of the 
cavities 906 may be divided into individual fingers (such as one for each cavity) on the 
outer periphery of the disc. The particular shape of each cavity 906 may be designed to 

20 suit ihe size or shape of the penetrating member therein or the amount of space desired for 
placement of the analyte detecting members 808. For example and not limitation, the 
cavity 906 may have a V-shaped cross-section, a U-shaped cross-section, C-shaped cross- 
section, a multi-level cross section or the other cross-sections. The opening 8 1 0 through 
which a penetrating member 902 may exit to penetrate tissue may also have a variety of 

25 shapes, such as but not limited to, a circular opening, a square or rectangular opening, a 
U-shaped opening, a narrow opening that only allows the penetrating member to pass, an 
opening with more clearance on the sides, a slit, a configuration as shown in Figure 75, or 
the other shapes. 

In this embodiment, after actuation, the penetrating member 902 is returned into 
30 ihe cartridge and may be held within the cartridge 900 in a manner so that it is not able to 
be used again. By way of example and not limitation, a used penetrating member may be 
returned into the cartridge and held by Ihe launcher in position until the nexl lancing 
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event. At the time of .he next J^ing, the launcher may disengage the used penetrating ' 
member with the cartridge 900 named or indexed to the next clean penetrating member 
such that the cavity holding the used penetrating member is position so that i! is not 
accessible to the user (i.e. turn away from a penetrating member ^ opening). In some 
5 embodiments, the tip of a used penetrating member may be driven into a protective stop 
that hold the penetrating member in place after use. The cartridge 900 is replaceable with 
- .«* cartridge.900 once all the penetrating members have been used or atsuchother 
time or condition as deemed desirable by the user. 

deferring still to the embodiment in Figure 1 07, the cartridge 900 mayprovide 
10 sterile environments for penetrating members via seals, foils, covers, polymeric or 

similar materials used to seal the cavities and provide enclosed areas for the penetrating 
members to rest in. the present embodiment, a foil or seal layer 920 is applied to one 
surface of the cartridge 900. Tne seal layer 920 may be made of a variety of materials 
such as a metallic foil or other seal materials and may be of a tensile strength and other 
15 quahty that may provide a sealed, sterile environment until the seal layer 920 is penetrate 
by a su.table or penetrating device providing a preselected or selected amount of force to 
open the sealed, sterile environment. Each cavity 906 may be individually sealed with a 
layer 920 in a manner such that the opening of one cavity does not in/erfere with the 
sterility in an adjacent or other cavity i„ the cartridge 800. As seen in the embodiment of 
Figure 1 07, the seal layer 920 may be a planar material that is adhered to a top surface of 
the cartridge 800. 

Depending on the orientation of the cartridge 900 in the penetrating member ' 
driver apparatus, the seal layer 920 may be on the top surface, side surface, bottom 
surface, or other positioned surface. For ease of illustration and discussion of the 
embodiment of Figure 107, the layer 920 is placed on a top surface of the cartridge 800.' 
The cavities 906 holding the penetrating members 902 are sealed on by the foil layer 920 
and thus create the sterile environments for the penetrating members. The foil layer 920 
may seal a plurality of cavities 906 or only a select number of cavities as desired. 

In a still further feature of Figure 107, the cartridge 900 may optionally include a 
plurality of analyte detecting members 908 on a substrate 922 which may be attached to a 
bottom surface of the cartridge 900. The substrate may be made of a materia, such as but 
no, hunted to, a po.ymer, a foil, or other material suitable for attaching to a car,„dge and 
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' holding the analyte delecting members 908. As seen in Figure 107, the substrate 922 may 
bold a plurality of analyte detecting members, such as but not limited to, about 10-50, 50- 
100, or other combinations of analyte detecting members. This facilitates the assembly 
and integration of analyte detecting members 908 with cartridge 900. These analyte 

5 detecting members 908 may enable an integrated body fluid sampling system where the 
penetrating members 902 create a wound tract in a target tissue, which expresses body 
' fluid that flows into the cartridge for analyte detection by at least one of the analyte 
detecting members 908. The substrate 922 may contain any number of analyte detecting 
members 908 suitable for detecting analytes in cartridge having a plurality of cavities 

]0 906. In one embodiment, many analyte detecting members 908 may be printed onto a 

single substrate 922 which is then adhered to the cartridge to facilitate manufacturing and 
simplify assembly. The analyte detectmg members 908 may be electrochemical m nature. 
The analyte detecting members 908 may further contain enzymes, dyes, or other detectors 
which react when exposed to the desired analyte. Additionally, ihe analyte detecting 

15 members 908 may comprise of clear optical windows that allow light to pass into the 
body fluid for analyte analysis. The number, location, and type of analyte detecting 
member 908 may be varied as desired, based in part on the design of the cartridge, 
number of analytes to be measured, the need for analyte delecting member calibration, 
and the sensitivity of Ihe analyte delecting members. If the cartridge 900 uses an analyte 

20 detecting member arrangement where the analyte detecting members are on a snbstrale 
attached lo the bottom of Ihe cartridge, there may be through holes (as shown in Figure 
76), wicking elements, capillary tube or other devices on the cartridge 900 to allow body 
fluid to flow from the cartridge to the analyte detecting members 908 for analysis. In 
other configurations, Ihe analyte detecting members 908 may be printed, formed, or 

25 otherwise located directly in the cavities housing the penetrating members 902 or areas on 
Ihe cartridge surface that receive blood after lancing. 

The use of Ihe seal layer 920 and substrate or analyte detecting member layer 822 
may facilitate Ihe manufachire of these cartridges 1 0. For example, a single seal layer 
920 may be adhered, attached, or otherwise coupled to the cartridge 900 as indicated by 

30 arrows 924,10 seal many of Ihe cavities 906 at one time. A sheet 922 of analyte detecting 
members may also be adhered, attached, or otherwise coupled to the cartridge 900 as 
indicated by arrows 925 to provide many analyte detecting members on the cartridge at 
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onetime. During manufacturing of one embodiment of .he present invention, the ' 
cartridge 900 may be Joaded with penetrating members 902, sealed with layer 920 and a 
temporary layer (not shown) on the bottom where substrate 922 wild later go to provide 
a sealed environment for the penetrating members. This assembly ^,h the temporary 
5 bottom layer is then taken to be sterilized. After sterilization, the assembly is taken to a 
clean room (or it may already be in a clear room or equivalent environment) where the 
temporary bottom layer is removed and the substrate 922 .with analyte detecting members 
» coupled to .he cartridge as shown in Figure 107. This process allows for .he sterile 
assembly of .he cartridge with .he penetrating members 902 using processes and/or 
0 temperatures that may degrade .he accuracy or functionality of the analyte detecting - 
members on snbs.ra.e 922. As a nonlimiting example, (he entire cartridge 900 may then 
be placed in a further sealed con.ainer such as a pouch, bag, plastic mo lded container 
etc.lo facilitate contact, improve ruggedness, and/or allow for easier handling.- 

In some embodiments, more man one seal layer 920 may be used to seal the 
cavities 906. As examples, of some embodiments, multiple layers may be placed over 
each cavity 906, half or some selected portion of .he cavities may be sealed with one 
layer with me other half or selected portion of me cavities sealed wi.h ano.her shee. or 
layer, different shaped cavities may use different seal layer, or .he lik>. The seal layer 
920 may have differed physical properties, such as those covering the pene.ra.ing 
members 902 near me end of .he cartridge may have a different color such as red .6 
mdicate .o .he user (if visually inspec.able) .hat .he user is down to say 1 0, 5, or other 
number of pene.ra.ing members before .he cartridge should be changed ou.. 

Referring now lo Figure ] 08, one embodiment of an apparatus 980 using a radial 
cartridge 900 wi.h a pene.ra.ing member driver 982 is shown. A con.oured surface 884 is 
located near a pene.ra.ing member exi. port 986, allowing for a pa.ien. <o place .heir 
finger in position for lancing. Although no. shown, the appara.us 980 may include a 
human readable or other type of visual display .o relay s.a.us .o the user. The display 
may also show measured analy,e levels or o.her measuremen. or feedback to .he user 
wi.hou. .he need .o plug apparatus 980 or a separate les, strip into a separate analyte 
reader device. The apparatus 980 may include a processor or other logic fo, actuating .he 
penetrating member or for measuring the analyte levels. The cartridge 900 may be loaded 
m.o .he apparatus 980 by opening a top housing of the apparatus which may be hinged or 
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removably coupled to a bottom housing. The cartridge 900 may also dirawn iuto the 
apparatus 980 using a loading mechanism similar in spirit to that found on a compact disc 
player or the like. In such an embodiment, the apparatus may have a slot (similar to a CD 
player in an automobile) that allows for the insertion of the cartridge 900 into the 
5 apparatus 980 which is then automatically loaded into position or otherwise seated in the 
apparatus for operation therein. The loading mechanism may be mechanically powered 
' or electrically powered. In some embodiments^ loading mechanism may use a loading 
,ray in addition to the slot. The slot may be placed higher on the housing so that the 
cartridge 900 will have enough clearance to be loaded into the device and then dropped 
,0 down over the penetrating member driver 982. The cartridge 900 may have an indicator 
mark or indexing device that allows the cartridge lo be properly aligned by the loading 
mechanism or an aligning mechanism once the cartridge 900 is placed into the apparatus 
980. The cartridge 900 may rest on a radial platform that rotates about the penetrating 
member driver 982, thus providing a method for advancing the cartridge to bring unused 
15 penetrating members to engagement with the penetrating member driver. The cartridge 
800 on its underside or other surface, may shaped or contoured such as with notches, 
grooves, tractor holes, optical markers, or the like to facilitate handling and/or indexing of 
the cartridge. These shapes or surfaces may also be varied so as to indicate that the 
cartridge is almost out of unused penetrating members, .hat there are only five penetrating 
20 members left, or some other cartridge status indicator as desired. 

A suitable method and apparatus for loading penetrating members has been 
described previously in commonly assigned, copending U.S. patent applications Attorney 
Docket 381 87-2589 and 381 87-2590, and are included here by reference for all purposes. 
Suitable devices for engaging the penetrating members and for removing protective 
25 roalerials associated with the penetrating member cavity are described in commonly 
assigned, copending U.S. patent applications Attorney Docket 381 37-2601 and 381 87- 
2602, and are included here by reference for all purposes. For example in the 
embodiment of Figure 107, the foil or seal layer 920 may cover the cavity by extending 
across the cavity along a top surface 990 and down along the angled surface 892 to 
30 provide a sealed, sterile environment for the penetrating member and sensors therein. A 
piercing clement described in U.S. patent applications Attorney Docket 38187-2602 has a 
piercing element and ihcn a shaped portion behind .he element which pushes the foil lo 
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the sides of the cavity or other position so thai the penetrating member 902 may be 
actuated and body fluid may flow into die cavity. 

Referring now to Figure 39, one embodiment of a device tf/at may use a disc 900 
is shown. This embodiment of device 1000 include a display lOO^that shows lancing 
performance and setting such as penetration depth setting the like. Various buttons 1004 
may also be placed on the housing to adjust settings and/or to activate lancing. 

It should be understood that device 1 000 may include^ processor for 
implementing any of the control methodologies set forth herein. The processor may 
control the penetrating member driver and/or active braking device such a pads, stops, 
dampers, dashpots and other mechanism to control penetrating member speed. The 
characteristic phases of penetrating member advancement and retraction can be plotted on 
a graph offeree versus time illustrating the force exerted by the penetrating member 
driver on the penetrating member to achieve the desired displacement and velocity 
profile. The characteristic phases are the penetrating member introduction phase A-C 
where the penetrating member is longitudinally advanced into the skin, the penetrating 
member rest phase D where the penetrating member terminates its longitudinal movement 
reaching its maximum depth and becoming relatively stationary, and the penetrating 
member retraction phase E-G where the penetrating member is longitudinally retracted 
out of the skin. The duration of the penetrating member retraction phase E-G is longer 
than the duration of the penetrating member introduction phase A-C, which in turn is 
longer than the duration of the penetrating member rest phase D. 

The introduction phase further comprises a penetrating member launch phase prior 
to A when the penetrating member is iongitudinally moving through air toward the skin, a 
tissue contact phase at Ihe beginning of A when the distal end of the penetrating member 
makes initial contact with the skin, a tissue deformation phase A when the skin bends ' 
depending on its elastic properties which are related to hydration and thickness, a tissue 
lancing phase which comprises when the penetrating member hits the inflection point on 
the skin and begins to cut the skin B and Ihe penetrating member continues cutting Ihe 
skin C. The penetrating member rest phase D is the limit of the penetration of the 
penetrating member into the skin. Pain is reduced by minimizing the duration of Ihe 
penetrating member introduction phase A-C so that there is a fast incision to a certain 
penetration depth regardless of the duration of the deformation phase A and inflection 
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point cutting B which will vary from user to user. Success rate is increased by measuring 
the exact depth of penetration from inflection point B to the limit of penetration in the 
penetrating member rest phase D. This measurement allows the penetrating member to 
always, or at least reliably, hit the capillary beds which are a known distance underneath 
the surface of the skin. 

^ The penetrating member retraction phase further comprises a primary retraction 
phase E when the skin pushes the penetrating member out of the wound tract, a secondary 
retraction phase F when the penetrating member starts to become dislodged and pulls in 
the opposite direction of the skin, and penetrating member exit phase G when the 
penetrating member becomes free of the skin* Primary retraction is the result of exerting 
a decreasing force to pull the penetrating member out of the skin as the penetrating 
member pulls away from the finger. Secondary retraction is the result of exerting a force 
in the opposite direction to dislodge the penetrating member. Control is necessary to 
keep the wound tract open as blood flows up the wound tract. Blood volume is increased 
by using a uniform velocity to retract the penetrating member during the penetrating 
member retraction phase E-G regardless of the force required for the primary retraction 
phase.E or secondary retraction phase F, either of which may vary from user to user 
depending on the properties of the user's skin. 

Displacement versus time profile of a penetrating member for a controlled 
penetrating member retraction can be plotted. Velocity vs. time profile of the penetrating 
member for the controlled retraction cann also be plotted. The penetrating member driver 
controls penetrating member displacement and velocity at several steps in the lancing 
cycle, including when the penetrating member cuts the blood vessels to allow blood to 
pool 2130, and as the penetrating member retracts, regulating the retraction rate to allow 
the blood to flood the wound tract while keeping the wound flap from sealing the channel 
2 1 32 to permit blood to exit the wound. 

The tenting process and retrograde motion of the penetrating member during the 
lancing cycle can be illustrated graphically which shows both a velocity versus time 
graph and a position versus time graph of a penetrating member tip during a lancing cycle 
that includes ^elastic and inelastic tenting. From point 0 to point A, the penetrating 
member is being accelerated from the initialization position or zero position. From point 
A to point B, Ihe penetrating member is in ballistic or coasting mode, with no additional 
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With regard 1o tenting of skin generally, some typical values relating to 
penetration depth are now discussed. A cross sectional view of the layers of the skin can 
be shown. In order to reliably obtain a useable sample of blood from the skin, it is 
desirable to have the penetrating member tip reach the venuolar plexus ofthe skin. The 
stratum comeum is typically about 0.1 to about 0.6 mm thick and the distance from the 
top ofthe dermis to the venuole plexus can be from about 0.3 to about 1 .4 mm. Elastic 
tenting can have a magnitude of up to about 2 mm or so, specifially, about 0.2 to about 
2.0 mm, with an average magnitude of about 1 mm. This means that the amount of 
penetrating member displacement necessary to overcome the tenting can have a 
magnitude great er than the thickness of skin necessary to penetrate hi order to reach.the 
venuolar plexus. The total penetrating member displacement from point of initial skin 
contact may have an average value of about 1.7 to about 2.1 mm. In some embodiments, 
penetration depth arid maximum penetration depth may be about 0.5 mm to about 5 mm, 
specifically, about 1 mm to about 3 mm. In some embodiments, a maximum penetration 
depth of about 0.5 to about 3 mm is useful. 

In some embodiments, the penetrating member is withdrawn with less force and a 
lower speed than the force and speed during the penetration portion ofthe operation 
cycle. Withdrawal speed ofthe penetrating member in some embodiments can be about 
0.004 to about 0.5 m/s, specifically, about 0.006 to about 0.01 m/s. In other 
embodiments, useful withdrawal velocities can be about 0.001 to about 0.02 meters per 
second, specifically, about 0.001 to about 0.01 meters per second. For embodiments that 
use a relatively slow withdrawal velocity compared to the penetration velocity, the 
withdrawal velocity may up to about 0.02 meters per second. For such embodiments, a 
ratio of the average penetration velocity relative to the average withdrawal velocity can 
be about 100 1o about 1000. In embodiments where a relatively slow withdrawal velocity 
is not important, a withdrawal velocity of about 2 to about 10 meters per second may be 
used. 

Another example of an embodiment of a velocity profile for a penetrating member 
can be seen shown, which illustrates a penetrating member profile with a fast entry 
velocity and a slow withdrawal velocity. A lancing profile showing velocity of the 
penetrating member versus position. The lancing profile slarts at zero time and position 
and shows acceleraUon ofthe penetrating member towards Ihe tissue from the 
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dectromagnetic force generated from the electromagnetic driver. At point A, the power 
-s shut off and the penetrating member begin, to coast until i, reaches the skin indicated 
by Bat which point, the velocity begins to decrease. At pob. C, tii penetrating member 
has reached maximum displacement and settles momentarily, ,ypia]j, v for . time of ^ 
8 milliseconds. 

i 

A retrograde withdrawal force is then imposed on.the penetrating member by the 
controllable driver, winch is controlled by the processor to maintain a withdrawal velocity 
of no more than about 0.006 to about 0.01 meters/second. The same cycle is illustrated in 
the velocity versus time plotwhere the penetrating member is accelerated from the star. 
po,nt to point A. The penetrating member coasts from A to B where the penetrating 
member tip contacts tissue 233. The penetrating member tip men penetrates the tissue 
and slows with braking force eventually applied as themrnimum penetration depth is 
approached. The penetrating member is stopped and settling between C and D At D the 
withdrawal phase begins and , be penetrating member is slowly indrawn nntil i, returns 
1 5 to the inrtialization point shown by E. Note that retrograde recoil from elastic and 
.nelastic tenting was not shown in the lancing profiles for purpose of illustration and 
clarity. 

In another embodiment, the withdrawal phase may use a dua^'speed profile with 
the slow .006 to .01 meter per second speed used until the penetrating member is ' 
withdrawn past the contact point with the tissue, then a faster speed of .01 to 1 meters per 
second may be used to shorten the complete cycle. 

Referring now to Figure 110, yet another aspect of the present invention will now 
be described. To bring a new, unused penetrating member to use, the cartridge 1 500 may 
be rotated as indicated by arrow 1502. A linear slider 1510 moves forward and backward 
as md.ca.ed by arrow 1512. The forward motion of the slider 1510 rotates .he cartridge, 
among other things. In some embodiments, backward motion may be used to rotate the 
cartridge (i, all depends on where the slider starts). Rotation occurs when a keyed gear 
(no. shown) that the opening 1514 fits over is rotated by motion of the slider 1510 Of 
course, the slider 1510 in the present embodiment also actuates a plurality of other 
motions such as clearing ,he gripper, shield, and drive assembly, ,o lift ,hem clear so ,ha, 
the cartridge 1500 can rotate. 
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Referring now to Figure 111 shows how movement of the slider 1510 moves rod 
1520 as indicate by arrows 152Z For ease of illustration, certain portions of the device 
are Temoved to allow easier visualization of the moving parts. The motion of rod 1522 
causes a second slider 1530 to move as indicated by arrow 1532 and engage a stub 1534 
5 on the rotating wheel 1 540. This wheel 1 540 turns the gear the fits inside the opening 
1514 ? which rotates the cartridge. In the present embodiment, a roller 1550 also travels 
on a cam surface 1 552. Some of these elements are more clearly illustrated in Figures 7 
through 9. 

As seen in Figure 3 12, the roller 1550 also move a slider 1560* The rod 1520 also 

1 0 includes yet another roller 1 562. This roller as seen in Figure 1 1 3, follows another cam 
surface 1 570. The cam surfaces 1 552 (Figure 1 1 1 ) and 1 570 (Figure 1 1 3) allow for 
raising and lowering of the punch, shield, gripper, drive assembly, etc... to allow for the 
cartridge to rotate and a new penetrating member cavity to be opened and a member 
loaded for firing. In some embodiments, the various steps that need to happen are similar 

15 to those described in commonly assigned copending U.S. Patent Applications Sen No. 
10/323,623 (Attorney Docket No! 3$ 187-2607) filed December 18, 2002. 

Figure 114 shows still further embodiments of the present invention. It more 
clearly shows some of the elements such as roller 1562. Embodiments using the linear 
motion of the slider 1510 and linear motion of the rod 1 520 pushing linear sliders and 

20 pushing rollers to follow linear cam surfaces are very robust and will not easily fail. In 
some embodiments, the sequence involves raising the gripper of the penetrating member 
driver to disengage the penetrating member, raise it out of the way to allow the cartridge 
to rotate. Simultaneously or before rotation, a punch will open the next cavity to be used 
for a lancing event. With gripper out of the way, the cartridge is rotated and the gripper 

25 and newly opened cavity are aligned. The gripper is then lowered to engage the new 

penetrating member in the cartridge cavity. Some embodiments may just lower and/raise 
the gripper. Other embodiments raise and lower the gripper and the entire penetrating 
member driver. 

While the invention has been described and illustrated with reference to certain 
30 particular embodiments thereof, those skilled in the art will appreciate that various 

ndaptations, changes, modifications/substitutions, deletions, or additions of procedures 
;ind protocols may be made without departing from the spirit and scope of the invention. 
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5. prote^efCduring^ch). Withany of, h, above ^bod^^^^ 
membenmay be a bare penetrating member during launch, with any of tbe above 

^ayaBow^sig^ 

a gnppe, The notch or groove may be fonned along an elongate portion of the 
penetraHngmember. With any of the above embodmLs, the cavity may be onthe 
bottom or the top of the cartridge, with the gripper on the other side. In some 
15 embodiments, analyte detecting -e.bers may be printed on the top, bottom, or s,de of 

The sa„,e dnver may be used for advancing and retraction of the penetrating member 
The penetranngmember may have a diameters and length suitable f + obtaining me blood 
voln.esdesc^dherem. The penetrating member driver may also t. in substantially 
ihesameplaneastbecartridge. The driver may use a through hole or other opening ,o 

mu m plepenetra,ingmemb.rca rt ridge S orsinglepene, ra tm g me^ to- 
rn*, be used with penetrating member cartridges W hich are ova,, square, rectangular 
' .nangn«ar,he*a g onal, polygonal, o, other shaped or combinations of shapes tte ' ' 
penetra.mg members may be used in a bandolier configuration or held in a tape 
contamm g a plmahty of penelraujlg ^ ^ ^ ^ ^ ^ 

members m ay he used electric drive devices or conventional S pring-based ^ 
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While Ihe invention has been described and illustrated with reference to certain 
particular embodiments thereof, those skilled in the art will appreciate that various 
adaptations, changes, modifications, substitutions, deletions, or additions of procedures 
and protocols may be made without departing from the spirit and scope of the invention. 
For example, with any of the above embodiments, the location of the penetrating member 
drive device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). With any of the above embodiments, the penetrating 
members may be a bare penetrating member during launch. With any of the above 
embodiments, the penetrating members may be bare penetrating members prior to launch 
as this may allow for significantly tighter densities of penetrating members. In some 
embodiments, Ihe penetrating members may be bent, curved, textured, shaped, or 
otherwise Ueated at a proximal end or area to facilitate handling by an actuator. The 
penetrating member may be configured to have a notch or groove to facilitate coupling to 
a gripper. The nolch or groove may be formed along an elongate portion of the 
penetrating member. Wilh any of the above embodiments, the cavity may be on the 
bottom or the top of the cartridge, with the gripper on the other side. In some 
embodiments, analyte detecting members may be printed on the top, bottom, or side of 
the cavities. The front end of the cartridge maybe in contact with a user during lancing. 
The same driver may be used for advancing and retraction of the penetrating member. 
The penetrating member may have a diameters and length suitable for obtaining the blood 
volumes described herein. The penetrating member driver may also be in substantially 
the same plane as the cartridge. The driver may use a through hole or other opening to 
engage a proximal end of a penetrating member to actuate the penetrating member along 
a path into and out of the tissue. 

Any of the features described in this application or any reference disclosed herein 
may be adapted for use with any embodiment of Ihe present in vention. For example, the 
devices of the present invention may also be combined lor use with injection penetrating 
membeis or needles as described in commonly assigned, copending U.S. Patent 
Application Ser. No. 10/127,395 (Attorney Docket No. 381 87-2551) filed April 19, 2002. 
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An analyte detecting member to delect the presence of foil may also be included in the 
lancing apparatus. For example, if a cavity has been used before, the foil or sterility 
barrier will be punched. The analyte detecting member cart detect ft the cavity is fresh or 
not based on the status of the barrier. It should be understood that in optional 
embodiments, the sterility hairier may be designed to pierce a sterility barrier of 
thickness that does not dull a tip of the penetrating member. The lancing apparatus may 
also use improved drive mechanisms. For example, a solenoid force generator may be 
improved to try to increase the amount of force the solenoid can generate for a given 
cuirent. A solenoid for use with the present invention may haVe five cods and in the 
present embodiment the slug is roughly the size of two coils. One change is to increase 
the thickness of Ihe outer metal shell or windings sunound the coils. By increasing the 
thickness, the flux will also be increased. The slug may be split; two smaller slugs may 
also be used and offset by 54 of a coil pitch. This allow more slugs to be approaching a 
coil where it could be accelerated. This creates more events where a slug is approaching 
15 a coil, creating a more efficient system. 

In another optional alternative embodiment, a gripper in the inner end of the 
protective cavity may hold the penelrating member during shipment and after use, 
eliminating ihe feature of using Ihe foil, protective end, or other part fo retain the used 
penetrating member. Some other advantages, of the disclosed embodiinents and features 
of additional embodiments include: same mechanism for transferring the used penetrating 
members to a storage area; a high number of penelrating members such as 25, 50, 75, 
100, 500, or more penetrating members may be put on a disk or cartridge; molded body 
about a lancet becomes unnecessary; manufacturing of multiple penetraling member 
devices is simplified through the use of cartridges; handling is possible of bare rods metal 
wires, without any additional struchiral features, to actuate ibem into tissue; maintaining 
extreme (better than 50 micron -lateral- and better than 20 micron vertical) precision in 
guiding; and storage system for new and used penetraling members, with individual 
cavilies/slols is provided. The housing of Ihe lancing device may also be sized 1o be 
economically pleasing. In one embodiment, the device has a widlh of about 56 mm, a 
length of about 105 mm and a thickness of about 15 mm. Additionally, some 
embodiments of the present invention may be used with non-electrical force generators or 
drive mechamsm. For example, the punch device and methods for releasing ihe 
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.... 

penetrating members from sterile enclosures could be adapted for use with spring based 
launchers. The gripper using a frictional coupling may also be adapted for use with other 
drive technologies. 

Still further optional features may be included with the present invention. For 
5 example, with any of the above embodiments, the location of the penetrating member 
drive ^device may be varied, relative to the penetrating members or the cartridge. With 
any of the above embodiments, the penetrating member tips may be uncovered during 
actuation (i.e. penetrating members do not pierce the penetrating member enclosure or 
protective foil during launch). The penetrating members may be a bare penetrating 
1 0 member during launch. In some embodiments, the penetrating member may be a patent 
needle. The same driver may be used for advancing and retraction of the penetrating 
member. Different analyte detecting members detecting different ranges of glucose 
concentration, different analytes, or the like may be combined for use with each 
penetrating member. Non-potentiometric measurement techniques may also be used for 
1 5 analyte detection, . For example, direct electron transfer of glucose oxidase molecules 
adsorbed onto carbon nanotube powder microelectrode may be used to measure glucose 
levels. In some embodiments, the analyte detecting members may formed to flush with 
the cartridge so that a ,c welr is not formed. In some other embodiments, the analyte 
detecting members may formed to be substantially flush (within 200 microns or 1 00 
> 20 microns) with the cartridge surfaces. In all methods, nanoscopic wire growth can be 
.» carried out via chemical vapor deposition (C VD). In all of the embodiments of the 

invention, preferred nanoscopic wires may be nanotubes. Any method useful for 
depositing a glucose oxidase or other analyte detection material on a nanowire or 
nanotube may be used with the present invention. Additionally, for some embodiments, 
25 any of the cartridge shown above may be configured without any of the penetrating 
members, so that the cartridge is simply an analyte detecting device. Still further, the 
indexing of the cartridge may be such that adjacent cavities may not necessarily be used 
serially or sequentially. As a nonlimiting example, every second cavity may be used 
sequentially, which means that the cartridge will go through two rotations before every or 
30 substantially ^all of the cavities are used. As another nonlimiting example, a cavity that is 
3 cavities away, 4 cavities away, or N cavities away may be the next one used. This may 
allow for greater separation between cavities containing penetrating members that were 
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just used and a fresh penetrating member to be used next. For any of the embodiment ' 
herein, they may be configured to provide the various velocity profiles described! 

This application cross-references commonly assigned copending U.s! Patent 
Applications Ser. No. 1 0/323,622 (Attorney Docket No. 381 87-2696) filed December 1 8 
5 2002; commonly assigned copending U.S. Patent Applications Ser.No. 1 0/323 623 
(Attorney Docket No. 38187-2607) filed December 18, 2002; and commonly assigned 
copending U.S, Patent Applications Ser. No. 10/323,624 (Attorney Docket No 381 87- 
- 2608) fifed December 1 8, 2002. This application is also related to commonly assigned 

copending US. Patent Applications Ser. Nos. 10/335,142, 10/335,215 10/335 258 
O 10/335,099, 10/335,219, JO/335,052, 10/335,073, 10/335,220, 10/335,252 10,335 218 
10/335,211, 10/335,257, 10/335,217, 10/335,212, and 10/335,241, 10/335 183 

(AttorneyDocketNo S .38187-2633through38187-2652)filedDecember31 2002 This 
application is also a continuation-in-part of commonly 'assigned, copending U S Patent 
Application Ser. No. 1 0/425,815 (Attorney Docket No. 38 1 87-2663) filed May 30 2003 
This application is a continuation-in-part of commonly assigned, copending U S Paten, 
Application Ser. No. 10/323,622 (Attorney Docket No. 381 87-2606) filed on December 
1 8, 2002, which is a continuation-in-part of commonly assigned, copending U.S. Patent 

Application Ser.No. 10/J27.395 (Attorney Docket No.38187-2551);filedAprill9,2002 
This application is also a continuation-in-part of commonly assigned, copending U.S 
Patent Application Ser. No. J 0/237,261 (Attorney Docket No. 381 87-2595) filed 
September 5, 2002. This application is further a con.inuation-in-part of commonly 
assigned, copending U.S. Patent Application Ser. No. 10/420,535 (Attorney Docket No 
38187-2664) filed April 21, 2003. This application is further a continuation-in-part of 
commonly assigned, copending U.S. Patent Application Ser. No. ] 0/335,142 (Attorney 
Docke«No:38187-2633)filedDecember31,2002. This application is further a 
continuation-in-part 0 f commonly assigned, copending U.S. Pa.en, Application Ser. No 
10/423,851 (Attorney Docket No. 38187-2657) filed April 24, 2003. This application 
also claims ,he benefit of priority from commonly assigned, copending U.S. Provisional 
Patent Application Ser. No. 60/422,988 (Attorney Docket No! 381 87-2601) filed 
November 1, 2002; commonly assigned, copending U.S. Provisional Paten, Application 
Ser. No. 60/424,429 (Attorney Docket No. 38. 87-2602) filed November 6. 2002; and 
commonly assigned, copending U.S. Provisional Paten. Application Ser. No. 60/424 429 
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(Attorney Docket No. 38187-2604) filed November 20, 2002. All applications listed 
above are incoiporated herein by reference for all purposes. Additionally, U.S. 
Applications Ser. Nos. 60/478,041, 60/478,692, 60/478,662, and 60/483,324 are fully 
incorporated herein by reference for all purposes. 
5 The publications discussed or cited herein are provided solely for their disclosure 

prior to the filing date of the present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to antedate such publication by virtue 
of prior invention. Further, the dates of publication provided may be different from the 
actual publication dates which may need to be independently confirmed. All publications 

] 0 mentioned herein are incorporated herein by reference to disclose and describe the 
structures and/or methods in connection with which the publications are cited. 

Expected variations or differences in the results are contemplated in accordance 
with the objects and practices of the present invention. It is intended, therefore, that the 
invention be defined by the scope of the claims which follow and that such claims be 

15 interpreted as broadly as is reasonable. 
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WHAT IS CLAIMFF) IS 

1 L A method of controlling a penetrating member, the method 

2 comprising: f 

3 (a) Priding a device comprising a penetrating member driver having 

4 a position sensor and a processor; 

5 ^ accelerating the penetrating member towards a target tissue; and 

6 < c ) ^ng a control algorithm to control the driver to move the 

7 penetrating member to follow a desired velocity trajectory. 

1 2 A method of body fluid sampling comprising: (268 7J 

2 moving a penetrating member at conforming to a selectable velocity 

3 profile or motion waveform; 

4 urin * a Pie-shaped cartridge for housing said penetrating member, 

5 piercing a storage area having a sensing area; 

6 1 piercing another storage area having an enzyme area separate from the 

7 sensing area prior to piercing; 

» causing fluid to first flow to the enzyme area and then' to the sensing area, 

1 3. The device of claim 1 further comprising storing said enzyme area 

2 in an inert environment different from an environment for the sensing area. 

1 4. A device for body fluid sampling usable with a cartridge housing a 

2 plurality of penetrating members, the device comprising: 

3 a housing; f 

4 a penetrating member driver coupled to said housing land for use with said 

5 cartridge; 

6 3 P J0Cess <>r ^r controlling said penetrating member driver to move at least 

7 one of said penetrating members at velocities which conform with a selectable velocity 

8 profile; 



a storage area having a sensing area; 
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10 anolher storage area having an enzyme area separate from the sensing area 

ill prior to piercing; 

'] 2 wherein said penetrating member pierces opens both storage areas upon 

13 member actuation and causing body fluid to first flow to the enzyme area and then to the 

14 sensing area. 

1 5; A method of body fluid sampling comprising: [2599] 

2 moving a penetrating member at conforming to a selectable velocity 

3 ' profile or motion waveform; 

4 achieving higher rates of spontaneous blood and higher spontaneous yields 

5 by controlling depth of penetration. 

j 6. The device of claim 1 wherein the penetrating member trajectory 

2 waveform contains a stationary portion. 

1 7. A device for body fluid sampling usable with a cartridge housing a 

2 plurality of penetrating members, the device comprising: 

3 a housing; 

4 a penetrating member driver coupled to said housing and for use with said 

5 cartridge; . 

6 a processor for controlling said penetrating member driver to move at least 

7 one of said penetrating members at velocities which conform with a selectable velocity 

8 profile. 

1 8. The device of claim 3 comprising a window allowing a user to see 

2 the cartridge while the cartridge is in said housing. 

1 9. The device of claim 3 comprising display showing device status. 

| 10. The device of claim 3 comprising display showing lancing 

2 performance. 

1 ] ] . The device of claim 3 comprising display showing lancing 

2 parameters. 
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1 ,2 ' The device of claim 3 comprising a single button for actuating said 

2 penetrating member driver aJong an inbound path into tissue and then an outbound path ' 

3 out of the tissue. . 

1 13 - The device of claim 3 wherein said penetrating member driver 

2 moves an active one of said penetrating members along a velocity profile that reduces 

3 initial pain and residual pain to levels below that of known devices. 

1 . ' 14 * The device of claim 3 wherein said.penetrating member driver 

2 m oves an active one of said penetrating members along a velocity profde that reduces 

3 initial pain and residual pain to levels at least 1 .5 times less than that of known devices. 

1 15. The device of claim 3 wherein said penetrating member driver 

2 moves an active one of said penetrating members along a velocity profile that reduces 

3 residual pain to levels at least 2 times less than that of jcnown devices. 

1 1 6. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: [2685] 

3 ; a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

a penetrating member coupler attached to said driver, f 

a cutting device that simultaneously cuts a sterility barrier on said cartridge 

while moving along a path that rotates ihe cartridge about its center to align the newly 

opened cavity in the cartridge with the penetrating member coupler. 

1 7. The device of claim 1 wherein the penetrating member driver is 
coupled to a position sensor, said sensor used to detect a position of the active one of said 
penetrating member. ' 

1 8. A body fluid sampling device for use with a cartridge containing a 
plurality of penetrating members comprising: 

a penetrating member driver for moving an active one of said penetrating 
members from a first position outward to penetrate tissue; 

a penetrating member coupler attached to said driver; 
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6 a cutting device that simultaneously cuts a sterility barrier on said cartridge 

i 7 while moving along a path that rotates the cartridge about its centerto align the newly 

8 opened cavity in the cartridge with the penetrating member coupler; 

9 a display coupled to the driver for showing the number of lancets 
10 remaining. 

1 1 9. . A body fluid sampling device for use with a cartridge. containing a 

2 plurality of penetrating members comprising: [2686] 

3 ' a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; ■ 

5 a housing coupled to said driver; 

6 a display on said housing showing a number of unused penetrating 

7 members remaining. . 

1 20. The device of claim 1 wherein the penetrating member driver is 

2 coupled to a position sensor, said sensor used to detect a position of the active one of said 

3 penetrating member. 

1 21 . A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

5 a housing having a rectangular configuration. 

1 22. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

5 a housing having a golden color; 

6 a position sensor, said sensor used to delect a position of the active one of 

7 said penetrating member. 

1 23. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

.3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position ourwoTd to penetrate tissue; 
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a cavity to house the cartridge containing said penetrating members, said 
cartndge being a circular disc having a fractuxable sterility seal covering a top opening. , 
and a side opening. * 



1 24. A body fluid sampling device for use with ^cartridge containing a 

2 plurality of penetrating members comprising: \ 

3 a l*™™^ 

4 members from a first position outward to penetrate tissue; 

5 electronic setting of lancing parameters used by said penetrating member 

6 driver. » 

l. 25. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penelrating members comprising: 

a penetrating member driver for moving an active one of said penetrating 
members from a first position outward to penetrate tissue; 

settings ibr lancing parameters used by said penetrating member driver 
6 remain in memory without battery. 

1 ■ 26. A body fluid sampling device for use with a cartridge containing a 

2 Plurality of penetrating members comprising: 
a penetrating member driver for moving an active on* of said penetrating 

members from a first position outward to penetrate tissue; . ' 

a processor having a safety feature such .hat the penetrating member driver " 
6 only lances material with properties similar to skin. 

1 27. A body fluid sampling device for use with a cartridge containing a 

plurality of penetrating members comprising: 

a penetrating member driver for moving an active one of said penelrating 
members from a first position outward to penetrate tissue; 

a processor having a safety feature such that the penetrating member driver 
does no. fire the active penetrating member in to air or materials harder than flesh. 

28. A body fluid sampling device for use with a cartridge containing a 
plurality of penetrating members comprising: 

a penetrating member driver for moving an active one of said penetrating 
members from a first position outward to penetrate tissue; 
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5 a processor having a safety feature such that the penetrating member driver 

• • 6 wherein a hard detect or an impact against material harder than tissue invalidates usage of 

7 the penetrating member. 

1 29. A body fluid sampling device for use with a cartridge containing a . 

2 plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

5 ' a display showing penetrating members left/penetrating members spent. 

1 30. A body fluid sampling device for use with a cartridge containing a 

2 . plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

5 depth setting of penetrating member penetration into tissue independent of 

6 front end geometry. 

1 3 1 . A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a first position outward to penetrate tissue; 

5 a processor programmed to track position and energy used by the driver to 

6 sense position or proximity of skin. 

1 32. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

3 a penetrating member driver for moving an active one of said penetrating 

4 members from a rnsi position outward to penetrate tissue; 

5 a display that has a screen saver. 

1 33. A body fluid sampling device for use with a cartridge containing a 

2 plurality of penetrating members comprising: 

3 ' a penetrating member driver for moving an active one of said penetrating 

* 4 ■ members from a first position outward to penetrate tissue; 

5 a display Ihnt relays a "too deep" signal to a user based on the lancing 

6 event. 
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1 34 - , A flu, ' d sampling device comprising: 

2 a housing; 1 *"i 

3 a cartridge defining a plurality of cavities; said cartridge sized to fit within 

4 said housing; and , ' {' I 
5 



a plurality of penetrating members at least partially contained 



in said 



6 cavrue, of ,he cartridge .herein the penetrating members are slidaoly movable to extend 
outward from said cartridge to penetrate tissue, said cavities each having a longitudinal 
opening providing access to an elongate portion of the penetrating member; 

a sterility barrier coupled to said cartridge/said (sterility barrier covering a 
10 plurality of the longitudinal openings, wherein the sterility barrier covering the lateral 

openings is configured ,o be moved so that the elongate portion may be accessed by the 
12 gripper without touching the banier; and 

a slider located on a surface of said bousing, said slider movable in a linear 
chrecuon to rotate said cartridge to bring an unused peietrating member into position for 



11 



a tooth gear coupled to said slider to control a distance said slider 



can 



13 
14 

15 use; 
16 

17 travel; 

1 8 a follower coupled to said slider, 
a cam surface engaged by said follower to lift said cartridge a desired 

distance above a first position to allow for rotation of the cartridge without engaging a 
2 1 gripper used to advance the penetrating member. 
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1 31 The device of claim 1 wherein said cam surface is aligned parallel 

2 to said slider. 

1 36 - The ^vice of claim 1 wherein said linear morion of the cam rotates 

2 the cartridge and moves a plunger to break the sterility barrier on the cartridge. 

1 37. The device of claim 1 wherein cam surface comprise a linear strip 

2 of material with at least two ra.sed portions and two depressed portions. 

1 38. A device for use in penetrating tissue to obtain a body fluid sample, 

2 comprising: 

■* 

3 a cartridge; and 
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4 a plurality of penetrating members slidably coupled to the cartridge, each 

i S of said penetrating members having a distal end sufficiently sharp to pierce tissue and 

6 each of said penetrating members being moveable relative to the other ones of the 

7 penetrating members, so that the distal end of the respective penetrating member is 

8 movable to penetrate tissue; 

9 wherein each of said penetrating member is a bare lancet does not 
10 penetrate an outer sterility barrier during actuation. 

1 ' 39. A device comprising: 

2 a cartridge having a plurality of cavities; and • 

3 a plurality of penetrating members at least partially contained in said 

4 cavities of the single cartridge wherein the penetrating members are slidably movable to 
5~ extend outward from lateral openings on said cartridge to penetrate tissue; 

6 a sterility barrier coupled to said cartridge, said sterility barrier covering a 

7 plurality of said lateral openings, wherein the sterility barrier covering the lateral 

8 openings is configured to be moved so that a penetrating member exits the lateral opening 

9 without contacting the barrier. 

1 40. The device of claim 39 wherein the sterility barrier covering the 

2 lateral openings is configured to be moved substantially vertically so that a penetrating 

3 member exits the lateral opening without contacting the barrier. 

1 41. A device comprising: 

2 a housing; 

3 a penetrating member driver; 

4 a cartridge containing a plurality of penetrating members; 

5 , .z display on said cartridge; 

6 a linear slider on the housing, said slider coupled to a rod; 

7 said rod moving with said slider, said rod having at least one roller 

8 using the linear motion of the slider to rotate the cartridge, punch open a 

9 new cavity and load a new penetrating member. 

1 42. A method of indexing comprising: 

2 .* moving a linear slider; 

3 said linear slider coupled to a rod; 
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4 said rod moving with said slider, said rod having at least one roller 

5 using the linear mot/on of the slider and Hnear motion of the rod to push at 

6 least one linear slider and to roll a roller along a linear cam surfaces to lift clear a drive 

7 assembly, rotate the cartridge, punch open a new cavity and load a new penetrating 

8 member. s 
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